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SPECTROBCOPIC STUDIES OF NUCLEAR SUBMARINE ATMOSPHERES
I. Desorption and An&iysis of Contaminants from Hopcallte
INTRODUCTION

The tremendous underwater.crulsing capabllity of the nuclear
submarine has necessltated greatly lmproved methods for the
maintenance of a livable atmosphere aboard the vesse:r. The
complete problem of submarine respiratory habiisbility is & com-
plicated one. One phase of the problem is the removal of any
carbon monoxide or hydrogen generated in the boat's atmosphere.
These contaminants can be removed by passing the air through a
heated oxlde catalyst known as Hopcallte. HopcHlite 1s & mixture
of cuprie oxide and manganese dioxide specially prepared to have
& very large and active surface area. For this purpose it is
used in the form of 4 *o 8 mesgh granules. 1t catalyzes the
oxidation of carbon monoxide and hydrogen to carbon dioxide and
water, respectively. It has been found that in addition to
these compounds the catalyst also ceuses the oxidation of a

" number of organic contamirents in the boet's atmosphere to carbon

dioxide and water vapor or to a lesser degree of oxidation
depending upon the operating temperature of the catalvrst bed.

At the minimum tempersture required for "burning" carbor monoxide
and hydrogen, some of the organic contaminants in the e. ering ailr
Btream fail to react and are either adsorbed on the cata.yst or
discharged without change. Others are only partiaslly oxidized,
Producing reaction products which may adsorb on the catalyst.

St111 others are oxidized completely to cerbon dicxide and
water vapor,

On several occasions these catalysts have produced low
order explosions while in use abosrd a submerged vessel. It
is known that these explosions are triggered by a rise in temp-
erature in the catalyst bed, or a part thereof, causing the
desorption of scme of the accumulated contaminants. The resulting
rapid exothermic oxidation of these contaminants raises thke
catalyst temperature still higher causing further desorption, etc.

Several changes were made in the operating parameters of the
catalytic burners shiortly after the explosions to prevent future
Sccurrences. 'The most important of these was to raise the operating

rature of the catalyst from ebout 125°C to 325°C, thereby

Creasing the rate and degree of oxidation, with a subsequent
reduction in the amount of adsorbed material.

Sazples returned from oae of the nuclear submarines USS

::WI, B88(N)575, however, were sublected to laboratory tests

found to explode at temperatures below the alleged operating
b rature .of the burners. It appeared desirable therefore to
temine whether these so called "hot" catalysts were indeed

"P!Io& at the usual operating temperature (325°C), resulted frcm

lover operating temperature, or resulted from adsorption caused
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by the continued flow of alr through the cata.lyat beds after burner-

-, shut=down. A luboratory.method is therefore needed for ascertaining

ex poét facto the mpproximate operating conditions of the caetalyst’

_beg,

EXPERIMENTAL

The upproximate conditions under which any given catalyst bed
lias been operated can probably be determined by anslysis of
contaminanta adaorhbed on the catalyst, Before such an analysis

©oan be madey the adsorbed contaminants must be desorbed and

separnted from the catalyst, This operation is considerably more
Aifffeult than 1t might, seem at first becaupe of the explosive
Mtupe of the contamingted entalyst. The contaminants must be
ptrtpped without partial decomposition or without exploding the
CAlilydiecontaminant mixture. Activeted carbon adsorbents used
‘0 eubmnarine nir rilters can be successfully desorhed by heeting
‘0 ovpewo and condensing the distillate. This method is undesirable
In the cape of the contaminated catalysts, however, because of
thely possible low explosion tempersturcs. Apparently the
Tuntaminants on Hopcalite are very tenaciously adsorbed. At
‘emperatures up to 100°C nothing i{s descrbed by this method,
Bffecting the golution of Hopcelite in mineral acld and extracting
the contaminants therefrom has been tried as a possible technique,
Bat Lt tg time conguming and ylelds ungatisfactory results.
Arother method of releasing the contaminants is to continuously
fllter a pure solvent through a column of the Hopcalite. After
8 period of time, dependent upon the relative affinity of the
ndsorbent for the solvent and each of the contamingnts, the latter
¥ill be washed free from the adscrbent, This is known es elution.
lmest any solvent for the contaminants will serve as an eluant
A-though some are more effective than others. In genersl, the
Tore polar the solvent ‘the greater its affinity for the adgorbeut
fnd the less time and solvent is required to displace the con-
taninants, Most of the adsorbed contaminants on Hopcallte are

. Prodably oxidized to some degree and therefore highly polar. This

type of compound is strongly adsorbed, und onc should expect Lo
4sc & strong (polar) eluant tc displace them.

Bome care must be exercised in choosing the solvent to be
used as an eluant so that it does not react with the catalyst,
thereby introducing spurious contaminants. Elution with ethyl
B.rohol, for {natance, even at room temperature, results in the.
oXidation of some alcohol to acetic acid, whien in turn reacts

“ith the Hopcalite to produce acetates, making the jdentification
of original contemtnants difficult.

Based on the above considerations water appears a&s perhaps
the best eluant. If water is used in the vspor state (as steam)
s stripping pover is incremsed seversl fold. Bteas fiowing down
Wrough the coluumn of adsorbent tends to desordb the contaminants.
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Those contaminante with & high affinity for the sadsorbent displace
those with & low affinity. The contaminants thus arrange them-
selves down the column In-order of decreasing affinity for the
adsorbent and are finally washed from the column in this order,
f.e.; the eluted material 1s desorbed at varying raetes of speed
analogous tv & liquid chromatogram. Steam has the added.advantage
of volatilizing some compounds which are insoluble in weter thus
increaging the range of the golvent, as it wore. The deprec Lo
vhich the catelyst is stripped of contaminants by this method is
nct known., Low temperature explosive samples have been found to
be drastically reduced in explosivity after & few minutes of
clution however, There seems to be little likelthnood of exploding
the catalyspt-contaminent mixture when using steam «lution beeause
the large volume of saturated steem and condensate flowing over
the catalygt effectively controls its temperature.

A 50 gram semple of a typical low temperature cxplosive
Hopcalite* was subjected to steam elution, Saturated steam was
introduced at the top of & .lumn, discharped from the bottom and
rassed through & water cool.d condenser of sufficlent lengzth to
ccol the rondensate to room temperature. The steam pregsurc at
the top of the column was & psig. Severnl cqual volume (%0 o)
freztions were collected beforw stopping the elution, The desorbed
tontaminents were separsted from the condenseate by two or throo
succegslve extractions with an equal volume of wun upproprinte
sclvent(s), The contaminants obteined upon evaporution of the
solvent were dissolved in carbon disulflde and ecxmninid fn the o
L‘O i) mieron iutrared spectral reglon, The solld meslduies obtafned
‘rom the evaporation of the res!dual water wers also cxmuined in
‘he pne speetral replon olther ss enrbon dlgellide aoiatlons
'_" ns KBr presgsed dliscs.

The {nfrared spectrn of the vertcss feactions (Flege §oana )
indicated the presence of nt leapt tour or Five diflferent compoandi
0“}0’ one of which, benzole neld, could be (dentdrled with ccorinfnat..
Moat of the contaninanto contatln e SHEDCHYE P, hoWove o)
ore probubly opganie acide, The compuunds mecoverod feom Lhe
fesidual water have apeten pimtinge wo thope OfF metanide neetas g,

2 eoncontention of agome of the contmiinad o rng L6 peen e e
Decten Lo ehamgge progressively Uroe Upnetlon o, Ppbet

Thewe compounds Wee the pegalt 0o Ve ry oot lent b mlat e
‘f ntmospheric coptamlnantp pactini iy reacting, G e ot apr,
Bty the tdentifleation of the miiertne mdp Pl

LI TR N AR

_A low temperatiure exploalve HobeudY e Tn oo sped i opr 1
by lubort\t()ry eata Lo explode nt oo o vomnepnt e b

omnended shinboard opeeating tompernt gre (o ),
explode at temperatures conpldernbiy reiow tni,
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“f the catalyst ig varied, it {4 preferable to iimit the study to =&

ind t6 study the ¢hanpe in- thig materlal as the operating t,é'mperature

ic pure compound. Toluenc was chosen as a representative
anatic compound for this purpose since it has previously teen
determined (by infrared analysis of the material desorbed from
sazurine fllter earbon) to be Lhe wmost prevalent aremetic 1n the
siemarine atmosphere, Alr bubbled through tolucne at 300 ce/min was :
passed for one hour through a bed of fresh catslyst malatalned at &
temporature of 115°C.* This temperature wes selected As one slightly : . ;
e the bolling point of toluene, but beicow the melting point of : ;
senicie acld, the most llkely reaction product. No effort was made

“oocollent or anelyze the effluent gascs or vepors. The comp Lot

stidy of the reaction products tormed by the combugtion of various

~riearbong on Hopeallte Inciuding waszeong products as well as

B opredurts wdsorbed on the cutalyst would be interesting and

“riy of further investigaticn, but aQone e less, not goermans o

wne {mrediate problem.

The reaction products ndsorbed on the eathalyst were rewmoved by
lean elutinn and examined spectrnlly., Ar oxpreted bhensole  arld wng
Aol the products. Four or flve othes reuction products ocisd
difterentiated speotraliy, but coald not be tdentifled. The
BETUrum of ane of the unldentifiod renction products tg ghown in

., o . . .

Tede 3o The spectram of thlg compioand L beon compured without,
Trbaatla With the apectra of all aval!nble eonpounds reported in Lhe
)

CWTRLUre LGopegsit, Prom Ghe partial oxldation of tolaene on
Soratniyats, The compoind may Le o ons ot previoasiy o known o
TBGT Trom Lhe purtini oxldrticon o Lo aene,

o

Licveostng the las ant.ry eenctlon Lempernbure to #50°%0 prgal e
“othe aimogy, compiete combantion 0 the Lolaene,  Btoenm o elutdon
Vae eatndygt foliowlng coambant! noorevenioed very Hbthe napssrbed
R E T Contominnntn ndg. et oo e cabnyat e o regais off
" Lempernture combagtion were prosent bn omuch gmng e quant iy
':"“‘ e O a4l rferent ehrenetor, apee DG LY. than whiogse e ity

ST U temiperntaare comeapt o,

The e oo bt np s beodenwy Uremon mie el eampngpet o
S0 nnd Riph Lemnernt e cembapbion produety, ol g wilphotte
".---i)’f"’-md. Atr bubbicd thregh aebobtone oy 300 eo min wes pagBed
CF e n e e epenttog nt 100 and antn it 0G0 and the can-
At e ] oy Ve IR RTINS N FEAT RS ST NI gretiaedt ped
Bl g previciniy geccrtied, T fa dntepept e ot e,
Lt bengo e ety b tae oW TemBeEN o cobant Yor L e
CACPURne . Cye bt g, o

Heonelepdinie ecarced wiin o Ui opnntyg
13

{
Poacd wooahe aetb b, Poe e anfen b an

arne, Jhten Lhen

* Paty temporatare to e e the anernt g Vo prbare of
FELRLYBLA whieh npe oo eed e wtedinng nhty aned explostonn, .
VORI PO U e Lned T L e maalytien e teeccanpen, howeyes, nec
SrTIated Voo Lnone e aeked (e srilpl ned e ention,
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:=teptang < chromi i  and molyhdenum oxide catalysts ie known
sar,. Yiedon oare edeellent and the resction is now an

Ledd Disbigtriag methed Ve the preparation of fiwne,. Similar

vions Involving other atiphatic hydrocarbons may vossibly v

o in Tt Bepent e MO0 boirner™ st beasl ot this peducad

geralare,
MEINSSICH

With thils information it ig now fessible to consider the

"
M

hand; nameyy, wos Srowns not the low temperaturs ox-
chtalyst relurned from -SEA WOLF actuaily operated at a
poratiyre, as ailceged,  The entire sample returned Trom the
) manted Lo about. 79 prems,  Fifty rrams of this was used in
o detemination of tihe Jdesired infomation.  The minabe: guuantity
sorped contaminunts recovered from sach a small sauple

e

TnniUies this mnaiysls ng oa wlerc-determination,

Stuian e iution of the subject samle yicided & cloudy condensste,

srnodeveisped 540 n two phuse system on standing:  The clesr
A7 ohase was essentially the same physically and spectrally
! A1 degarbed from samples of main filter carbon
Trlned e HAUTILUS.  The water-soluble eontmninants were similar
Teantity nad chiprnecter to those resulting Cmm high temporature
“hustion. These repalts indlente that the catalyst In question
=2 Indeod sperated st hign temperature, but also alter burner

“dwn, wap nllowed Lo oremadn In the alp stream, Durlag whis
Siawe the eald entalyat acted tu un adsorbent for atmospheric
Shtaminents,  Fortunately, thie particular catalyst bed was not

CTired up wgnin after shutdown, Puture practice should ensure the

TR, perhaps automatic, removal of the catalyst bed from the

sStremn upon cegpation of power to tho entalygt heaters.

i The: effecttvencss of steam c¢lution for stripping contaminants
TTOm ivniy resstive adsorbents could be lmproved by increaaing
' steam prepyure (temporature) and elution time. The low
ssmpernture eyplodable Hopeallte rirst dlscussed, which was stesm
“oited for oo owotal of 30 minutes and dried in air at 200°C, was
sibacquently tested for axpludability end found to be not danger-
ibly explogive, Llonger elution at higher tempersturc might have
Hirged {1t eomplotely.

' Te la'ter has been spectrally identified as cesentially paint
thinner, 1,e.; varsol. It may be desorbed from carbon either

by beating in vacuo as previousiy mentioned or by steam
olut.tpn.
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' Since present usege. consumes about 100 poands of catalyst (at
$7.00 per 1b.) every 30 to 40 days, it is economicelly sound. to,
sanslder methods for 1ta salvepe and reuse. A modification ia the
design of the "hydrocarbon incinerator" might well be considuered
in ¢crder that unexhausted but potentinlly dangerous catalyst mi it
e opurged and regenersated by comdlete svemm olatiom,

"ONCLUSIONS AND RECOMMENDATIONS

Steam elution is & satisfactory method for desorbing most
contaminants f'rom low temperature explosive oxide cotalysts of
the type described,

The approximate operating conditions ol & Hopeallite catolyst
<sed for the purification of submarine alr can be detersined ex
sost facto,

Inder suitable condltions n-heptanc can be aromatized to
toiuene over a Hopeallte catalyst.

Steam elution is recommended as a suitable mears.of
salvaging unit cized batches of Hopealite which have become
erxplosively contaminated prior to the expiration of their normal use-
ful life, Steam elution is alsu epplicable to the reccovery of act-
ivated charconl saturated with hydroesrbon contaminant from the
"bort's atmosphere, ' ' ’

. A more complete study of all the reaction nroducts resu:lting
="M the partiel oxidation of various pure compounds in the presence
of Hopcalite at various temperatures would be interesting and worthy
of further investigation.
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WAVEL ENGTH tMIC RONS;
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Figure 2 « Pressed Disc Spectrum of a Compound Desorbed from a Low
Temperature Explosive Hopcalite
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Figure 3 - Solid Line - Unidentified Reaction Product (1in Carbon
Dinulfide Solution) from the Partial Oxidation of Toluene over
Hopcalite Catalyst.

Dotted Line - Carbon Disulfide
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